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SALINITY, ALKALINITY, AND DISSOLVED AND PARTICULATE 

ORGANIC CARBON IN THE SACRAMENTO RIVER WATER AT 

RIO VISTA, CALIFORNIA, AND AT OTHER LOCATIONS IN 

THE SACRAMENTO-SAN JOAQUIN DELTA, 1980

By

Laurence E. Scheme1 

ABSTRACT

The salinity, alkalinity, dissolved organic carbon (DOC) and participate 
organic carbon (POC) concentrations in the Sacramento River water at Rio Vista 
were measured every 3 to 5 days during 1980 as part of an effort to identify 
time-dependent variations in the composition of the fresh water flow from the 
Sacramento-San Joaquin Delta to San Francisco Bay. Concentration ranges were 
generally small compared to the seasonal range of river flow rate. Thus, 
transport rates to the Delta and to the Bay varied primarily as a function of 
flow rate. Even though the tributaries of the Sacramento River are managed by 
large reservoirs, winter concentration variations are similar to those that 
have been described in natural unregulated river systems. Because of dilution 
by surface runoff, salinity and alkalinity are lower when river flow increases 
during winter storms, whereas DOC and POC concentrations are generally higher 
during winter.

River flow rates and compositions during spring through mid-fall are 
generally the result of reservoir and water-project management practices. 
Releases from the major reservoirs on the Sacramento River tributaries resulted 
in sometimes-large variations in the salinity and alkalinity at Rio Vista. 
Late summer concentrations were high because of high inflow rates of agricultural 
waste waters. POC and DOC concentrations varied in response to small storms 
during spring and late-fall; concentrations were generally lowest during summer.

Fresh water inflow from the San Joaquin River increased during late summer, 
changing the distributions of salinity and alkalinity in the Delta. Salinity 
and alkalinity were highest in the east Delta during early summer. Higher 
flows and decreased water project demands during late summer decreased salinity 
and alkalinity in the east Delta, while salinity and alkalinity increased in 
the west Delta due to the influences of agricultural waste water inflows.



INTRODUCTION

Fresh water from the Sacramento-San Joaquin River Delta (Delta outflow) 
constitutes about 90 percent of the total annual fresh water flow to San Fran 
cisco Bay and accounts for most of the transport of riverine dissolved and 
particulate substances to the Bay (see Conomos 1979 for a summary of the hydrol 
ogy of San Francisco Bay; Conomos and others 1979). Interdisciplinary field 
studies of the Bay estuarine system conducted by the U.S. Geological Survey 
during 1980 required estimates of riverine transports to the Bay and measure 
ments of time-dependent variations in Delta outflow composition. As part of 
this effort, Sacramento River water was sampled every 2 to 5 days at Rio Vista 
and Delta waters at other locations were sampled 3 times during summer (fig. 1; 
appendix table A). Samples were analyzed for salinity (electrical conductance), 
alkalinity, and dissolved and particulate organic carbon (DOC and POC, respec 
tively). This report presents 1) the numerical values for these analyses,
2) estimates of the transports of these substances by the Sacramento River,
3) plots of the results that illustrate seasonal variations in composition, and 
A) a descriptive interpretation of the results that identifies the most prob 
able causes for Delta outflow composition variations.

Delta Outflow Rate and Composition Estimates

The rate of Delta outflow to the Bay cannot be directly measured and, 
similarly, the composition of the Delta outflow cannot be determined by 
sampling at any one location over the entire hydrologic year. The accuracies 
of transport estimates are limited by the potentially large uncertainties in 
the Delta outflow rate and composition estimates. Estimates of Delta outflow 
rate are based on the river flow rates to the Delta (Delta inflow) and the sum 
of the consumption in the Delta and export to State and Federal water projects 
(total demand). The Delta outflow index (DOI) is a daily estimate prepared by 
the U.S. Bureau of Reclamation (USER), that accounts for the flows of the major 
river systems (Sacramento and San Joaquin) and the total demand. A more accu 
rate estimate can be prepared by adding the flows of four smaller rivers that 
enter the east side of the Delta (east-side rivers) and the flow that is divert 
ed from the Sacramento River to the Yolo Bypass (fig. 1) during winter (Janu 
ary through March). This diversion prevents flooding in the Sacramento 
metropolitan area; the water returns to the Sacramento River upstream of Rio 
Vista. The flows from the east side rivers and Yolo Bypass were 5 and 18 
percent, respectively, of the total Delta inflow during 1980. The Sacramento 
River flow rates given in this report include the flow rates to the Yolo 
Bypass. Because the flow from the Yolo Bypass to the Sacramento River is not 
measured, it must be assumed that the return flow is the same as the diverted 
flow.

According to State of California water-supply criteria, 1980 is con 
sidered a "wet" year. The total Delta inflow was 3.9 x 1010m3 and the total 
Delta outflow was 3.2 x 1010m 3 (U.S. Geological Survey 1981a; a monthly



121°45'

Slow

ycamore^Sloiigli ^=^ r^

Terminous

Figure 1. Sacramento-San Joaquin River Delta. Bridge sampling 
locations are shown by dots. Base taken from U.S.Army Map 
Service 1:250,000 maps numbers NJ 10-5, NJ10-6, NJ 10-8, and 
NJ 10-9.



summary of Delta inflows and outflows Is given in appendix table B). The 
Sacramento River is the largest source of fresh water to the Delta, contribut 
ing 76 percent of the total Delta inflow during 1980. The second largest 
river, the San Joaquin, contributed only 19 percent of the 1980 Delta inflow. 
In addition to the significance of its large annual discharge, the Sacramento 
River delivers water to the west Delta and therefore contributes an even 
larger fraction of the flow to the Bay during most times of the year. Thus, 
it is probable that the composition of the Sacramento Piver water closely 
approximates the Delta outflow composition. The Rio Vista bridge was selected 
as the sampling location because it is downstream of where flow from the Yolo 
Bypass rejoins the Sacramento River and because brackish water, that is drawn 
into the Delta during periods of low Delta outflow, rarely extends to Rio 
Vista. One shortcoming of the Rio Vista location is that an undetermined 
fraction of the Sacramento River flow enters the Delta from distributary 
channels (near Walnut Grove; fig. 1) rather than from the main river channel.

Seasonal Variations in Delta Outflow Rate

Estimated daily Delta outflow rates for 1980 are shown in figure 2. Pre 
cipitation during late J.979 increased Delta outflow from typically-low fall 
levels to about lOOOnHs by January 1980. The very large increases in Delta 
outflow during winter coincide with the occurrence of major storms (individual 
storm events are related to Sacramento River flow variations in the discus 
sion). Winter Delta outflov, was 74 percent of the 1980 total. By April, the 
Delta outflow rate had decreased to less than lOOOn^s" , where it remained 
for the balance of the year. Some spring (April through June) variations in 
Delta outflow coincide with periods of precipitation, as does the small peak 
during December. Summer and fall variations in Delta outflow relate primarily 
to the management of the water projects and other factors that are treated in 
the discussion.

Delta outflov/ rate is equivalent to Delta inflow rate minus total demand. 
Exportation to the water projects constitutes most of the total demand. Total 
demand accounted for the removal of 7.1 x lO^m-^ from the Delta during 1980, 
18 percent of the total Delta inflow; however, this was not equally distribut 
ed throughout the year. Total demand was only 4 percent of the Delta inflow 
during winter, but was more than half of the Delta inflow from July through 
November. Total demand exceeded 75 percent of the Delta inflow for the month 
of August, a volume equivalent to nearly three times the average monthly 
total demand during winter. Water-quality conditions in the Delta during 
19&0, as reported by the California Department of Water Resources (1981a), 
are related to circulation induced by export pumping; the effects are most 
evident during summer and early fall. San Joaquin River results presented 
here are discussed with reference to export-induced cross-Delta (north to 
south) circulation.
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METHODS

Near-surface waters were sampled from the mid-spans of the Rio Vista 
bridge and other bridges in the Delta with a weighted plastic bucket. The 
bucket contents were poured into a 1L amber glass bottle (POC and DOC analyses) 
and a 1L brown plastic bottle (salinity and alkalinity analyses). POC and 
DOC samples that could not be filtered immediately were refrigerated in the 
dark. Samples taken from the Rio Vista bridge were stored for up to 10 days 
before filtration; other bridge samples were filtered on the same day. 
Additional samples were collected from the U.S. Geological Survey Research 
Vessel Polaris (R/V Polaris) at a location in the deep channel about 1km 
downstream from the Rio Vista bridge. These samples were collected with a 
submersible pump from the 2-m depth and were processed immediately. Locations 
in the Sacramento and San Joaquin Rivers were sampled from a small boat 
during mid-summer.

Salinity, Dissolved Solids, and Specific Conductance 
Methods and Calculations

Samples for salinity analysis were processed and analyzed in the same 
manner as those samples taken in the higher salinity waters of San Francisco 
Bay. Salinity is routinely measured during the Bay studies because it is a 
practical measure of the mixing ratio of fresh and sea waters. Salinity as 
defined for oceanographic and estuarine studies is not an accurate measure of 
the mixing ratio or dissolved-solids concentration (DS) of river or low- 
salinity estuarine waters. The reasons for this were discussed by Cox and 
others (1967), Connors and Kester (1974), and Lewis and Perkin (1978). The 
advantages of the salinity measurements in this study are that they relate 
directly to the Bay measurements and they provide a means of estimating 
dissolved-solids concentrations; this is described in detail below.

The conductivity ratio of each salinity sample was measured with a high- 
precision inductive salinometer (RS-7B, Beckman Instruments Inc.J/) relative 
to standard sea water (Instit. of Oceanog. Sciences, England). Samples and 
standards were contained in a thermostat-controlled water bath prior to analy 
sis. Salinity was calculated from the conductivity ratio using the equations 
of Cox and others (1967), which are based on the measured chlorinities and 
conductivities of a set of natural water samples collected at various locations 
over the globe. Salinity (1.80655 x chlorinity) is related to the conductiv 
ity ratio by a fifth-order polynomial expression. The constant in the 
salinity-conductivity ratio equation (0.090 °/oo) compensates for the presence 
of other dissolved substances when chlorinity is zero and, as such, represents 
the average river DS at zero chlorinity. Therefore, the negative salinities

,£/The mention of brand names is for identification purposes and does not consti' 
tute endorsement by the U.S. Geological Survey.



presented in this report indicate that the DS of the river water was less 
than the average value. Although potentially-large errors can be incurred, 
DS was estimated by adding 0.090 °/oo to the salinities. The precision of 
the salinity analyses is on the order of ±0.003 °/oo.

Specific conductance is frequently chosen as a relative measure of DS in 
river studies. The specific conductances of the salinity samples were estima 
ted by the following method. Conductivity ratios were usually determined 
within 5°C of 25°C. Conductance at the temperature of the analysis was calcu 
lated as the product of the conductivity ratio and the conductance of the 
standard. The conductance of the standard and its variation with temperature 
were taken from the data of N. L. Brown as presented by Jaeger (1973). Spe 
cific conductances (at 25° C) were calculated by assuming that the effect of 
temperature on the conductance of the sample was in proportion to that of the 
standard, an assumption that incurs a small error. This error probably does 
not exceed 1 to 2 percent because the total temperature correction averaged 
only 6 percent of the specific conductance value.

Alkalinity, Bicarbonate Ion, and Dissolved Inorganic Carbon 
Methods and Calculations

Alkalinity (ALK) was determined by potentiometric titration with hydro 
chloric acid. Samples were titrated in a thermostat-controlled water bath. 
The bicarbonate endpoint was calculated by the method originally proposed by 
Gran (1952) and applied to sea water analyses by Dyrssen (1965). The appara 
tus is similar to that described by Edmond (1970), but with one important 
exception; the reaction-flask assembly does not include a plunger to accom 
modate the volume increases resulting from the titrant additions. Rather, an 
overflow capillary tube allows a volume equal to that of the titrant addition 
to be expelled from the reaction flask. This flask configuration was chosen 
because it eliminates the possibility of large errors resulting from pressure 
effects on the reference electrode junction (D. E. Hammond, University of 
Southern California, oral communication, 1977). The systematic error was 
minimized by increasing the titrant normality to 0.5N; the average value of 
this error for the Sacramento River samples is -0.004 meq L~l. The estimated 
precision of the method is +0.006 raeq L~l (one standard deviation) for fresh 
water samples.

Bicarbonate ion concentrations were estimated from the alkalinity measure 
ments by assuring that all of the alkalinity is attributable to bicarbonate 
ion. Error due to carbonate ion is negligible but the presence of a miscel 
laneous alkalinity fraction (Stum and Morgan 1981) would cause the estimates 
to be high. Dissolved inorganic carbon (DIG) refers to the bicarbonate ion 
concentration expressed as carbon.



Dissolved and Particulate Organic Carbon Methods

Dissolved and particulate organic carbon were determined by the method of 
Menzel and Vaccaro (1964; Schemel and Dedini 1979). Sample bottles (1L and 
50mL glass) were cleaned with soap and water, rinsed three times with tap 
water, then air dried. Dried bottles and lOmL glass ampules were capped with 
aluminum foil and baked at 500°C for 8 hours in order to remove organic 
contamination. The aluminum foil caps were retained as liners for the plastic 
caps of the glass bottles. Glass fiber filters, sampling tubes, and purge 
tubes were baked at 450°C for 4 hours. Purge cones were washed in boiling 
distilled water then baked at 450°C for 1 hour.

Lach POC sample was drawn through a glass sampling tube (inserted into 
the 1L glass bottle) by a peristaltic pump. The pump discharge was pressure 
filtered through a 25mm-diameter filtration assembly. Filtrate volume was 
measured with two 50mL plastic syringes attached to the discharge of the 
filtration assembly. Filtrate volumes ranged from about 20mL to lOOmL, 
depending on the particle concentration; most were ICOmL. Filters were 
folded, inserted into glass ampules, and frozen for a few hours before sealing. 
Oxidant (0.2g potassium persulfate) and phosphoric acid solution (lOmL of 
0.1N) were added to the ampule and CC>2 was purged from the solution with N2 
just before sealing with a torch.

The filtrate was discharged directly from the filter assembly into a 
50mL glass bottle for DOC samples. The sample was refrigerated for a few 
hours before sealing. Concentrated phosphoric acid (O.lmL of 85 percent) was 
added to each bottle just before lOmL samples were drawn with a glass syringe 
that had been previously cleaned with hot chromic acid solution. Each lOmL 
sample was dispensed into a glass ampule containing oxidant. DOC samples 
were purged of C02 and sealed with a torch. The estimated precisions for DOC 
and POC analyses are +0.2ng L~l and +O.lmg L~l, respectively.

RESULTS

Numerical values of salinity, specific conductance, alkalinity, and 
dissolved and particulate organic carbon at Rio Vista are presented in appen 
dix table C. POC results prior to mid-March were unsatisfactory due to 
contamination and are not given here. Appendix table D presents the results for 
samples collected at bridge locations in the Delta. Results from the sampling 
(by small boat) of the Sacramento and San Joaquin Rivers during summer are 
given in appendix table E.

Mean Concentration and Fluxes of Solutes and Particulate 
Organic Carbon at Rio Vista

Monthly flow-weighted mean concentrations of DS, ALK, DOC, and POC are 
presented in table 1. Annual flow-weighted mean concentrations were calculated 
for DS, ALK, and DOC. DS measurements made at Rio Vista by DUR (1981b) yield a



Table 1. Volume-weighted average concentrations of dissolved solids (DS), 
alkalinity (ALK), dissolved organic carbon (DOC), and participate organic 
carbon (POC) in near-surface Sacramento River water at Rio Vista, Calif. 
[g.L~ , grams per liter; meq.L~ , milliequivalents per liter; mg.L , 
milligrams per liter]

Month Average DS 
concentration 

1980 (g-L )

January

February

March

April

May

June

July

August

September

October

November

December

Annual

0.13

0.08

0.11

0.11

0.10

0.10

0.09

0.10

0.12

0.09

0.10

0.09

0.10

Average ALK Average DOC Average POC 
concentration concentration concentration 
(meq-L ) (mg-L ) (mg-L )

1.22

1.17

1.35

1.26

1.10

1.07

1.01

1.25

1.53

1.13

1.15

1.13

1.23

7.6

4.9

3.6

2.9

7.0

4.2

3.7

2.7

3.3

2.3

6.0

9.1

5.0

---

  

0.5

0.6

0.5

0.4

0.4

0.3

0.3

0.3

0.5

---



flow-weighted mean of 103mg L~"l, which compares favorably with my estimate of 
O.lOg L""^. A nine-year (1951-1960) average DS at Sacramento is 109mg IT1 
(Irwin and Lemons 1975). These three values are less than the estimated world 
average for rivers of 120mg L~l (Livingstone (1963). My annual flow-weighted 
mean alkalinity of 1.23meq L~l is equivalent to a bicarbonate ion concentration 
of 75 mg L~l, the same value as a nine-year average at Sacramento (Irwin and 
Lemons 1975), but it is higher than the world average of 58.4mg L~l (Livingstone 
1963). My flow-weighted mean DOC concentration of 5.0mg L~l is the same as 
the median DOC value for rivers presented in a review of data from various types 
of watersheds (Meybeck 1980).

The ranges of the monthly flow-weighted mean concentrations of DS, ALK, 
and DOC are small relative to the seasonal variation of river flow rate. 
Therefore, river flow rate is the more significant variable determining the 
transports of these substances. Estimated monthly and annual fluxes of DS, 
DIC, DOC, and POC (monthly only) to the Delta by the Sacramento River are 
shown in table 2. Sixtyfive percent of the total 1980 Sacramento River flow 
occurred January through March. This corresponds to 66 percent of the total 
DS flux, 65 percent of the total DIC flux, and 70 percent of the total DOC 
flux. The concentrations averaged over winter (W) and spring through fall 
(SF) are similar for DS (W=0.11; SF= 0.99g L"1 ) and ALK (W=1.24; SF=1.18 meq 
L""l); however, winter DOC is significantly more concentrated than that for 
spring through fall (W=5.4; SF=4.5, or 3.9 mg L~l if we exclude December, 
the month of the highest average concentration and the first significant 
rainfalls since July). Results from San Francisco Bay estuary also indicate 
that average concentrations of DOC in the Delta outflow to the Bay are higher 
during winter (Schemel 1981).

Sacramento River fluxes to the Delta are larger than fluxes to the Bay 
because of the large fraction of the Delta inflow that is consumed or exported. 
Fluxes to the Bay can be estimated from the average concentrations in the 
Sacramento River (table 1) and the estimated Delta outflows (appendix table B.)

The total dissolved carbon flux (DIC+DOC) is 19 percent of the total DS 
flux. Because the annual DOC flux is about one-third of the annual DIC flux, 
carbon transport to the Bay and ocean is dominated by bicarbonate ion. Spring 
through fall data show that near-surface POC is an average of only one-tenth 
of the total organic carbon (DOC+POC).

Other descriptions of the results are deferred to the discussion section 
for the sake of clarity.

DISCUSSION

California's extensive agricultural, municipal, and industrial water needs 
require the continuing development and management of available surface-water 
resources. Reservoirs operate on most of the rivers that flow to the Delta,

10
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primarily in order to provide water during the typically dry summer and fall. 
Reservoirs can presently impound a large fraction of the runoff. For example, 
the total reservoir capacity in the Sacramento River system is roughly equiv 
alent to one-half of the winter 1980 Sacramento River flow to the Delta 
(Kahrl 1978). Although the rivers are highly managed, winter and spring 
flows in the rivers and from the Delta to the Bay can vary in response to the 
precipitation patterns.

Winter Sacramento River flows were high in response to the intensities 
and frequency of storms during 1980, as indicated by the precipitation at 
Sacramento (fig. 3). The two high-flow peaks (flood events) are clearly 
related to the major mid-January and mid-February storms (storm events) and 
smaller peaks on the shoulder of the second peak are related to smaller storm 
events. Flow variations as late as mid-May appear to be caused by smaller 
storms. The only significant precipitation between mid-May and late-November 
occurred during the first two days of July, but a river flow increase from 
this summer storm is not apparent. Late fall river flow increases again 
coincide with storm events. Variations in river composition would be expected 
to coincide with variations in flow rate that are naturally induced by precip 
itation and runoff (for a summary see Stumm and Morgan 1981).

River flow variations during summer and early fall are related mostly to 
releases from reservoirs as part of water management and water transport 
southward to the more-arid regions of the state. The Delta is a conveyance 
for water from the northern rivers to the export pumps located in the southern 
reach of the Delta. Because of the large fraction of the Delta inflow that 
is exported during summer and fall, the composition of the Delta outflow is 
not closely related to the Delta outflow rate; however, river composition can 
co-vary with river flow rate primarily because releases of impounded river 
waters tend to dilute ground water and waste water inflows (California Depart 
ment of Water Resources 1962, 1971).

Concentration Variations at Rio Vista

Variations in the composition of Sacramento River water at Rio Vista 
appear to be related primarily to river flow variations and/or the occurrence 
of storms during most times of the year. Alkalinity and salinity concentration 
variations show a pattern during winter flood events that is typical for 
natural (unregulated) river systems (for example, the Mattole River as described 
by Kennedy and Malcolm 1977). The data are more complete for the second 
major flood event; these data are connected by dots in figure 4. River flow 
increases rapidly at the beginning of each storm event because of the large 
increase in surface runoff. Because storm (surface) runoff does not have the 
opportunity to penetrate the soil appreciably (and remove soluble substances), 
it normally decreases salt concentrations in the rivers. Lower concentrations 
of both salinity and alkalinity were observed at the beginning of each flood 
event. The fraction of subsurface water containing soil-derived salts normally

12
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increases following a storm. Alkalinity and salinity concentrations generally 
increased as river flow decreased following a storm event. The variations in 
salinity and alkalinity during March appear to be related to smaller storms 
and the effects of their surface runoffs. While the mid-February storm 
caused a near 50 percent decrease in alkalinity, the effects of the smaller 
storms were limited to roughly 20 percent decreases. The range of DIG concen 
trations is large during winter, illustrating the large errors possible when 
flux estimates are based on only a few measurements.

Although much smaller in magnitude than those during winter, spring 
through fall river flow variations are significant relative to the average 
flow rate (fig. 5; appendix fig. A). Flow variations of 30 to 50 percent 
occurred over periods of 2 to 4 weeks during spring and summer. Salinity and 
^Ikalinity appear to co-vary with flow rate, although the relation changes 
during the year (fig. 5). Salinity and alkalinity typically co-vary posi 
tively; salinity increases are most often accompanied by alkalinity increases. 
This might be expected because bicarbonate ion is typically the most abundant 
ion in river waters (Livingstone 1963). The salinity-alkalinity pairs corre 
late well (r^=0.95, if we exclude the three highest salinity values, which do 
not appear to relate as well to the other measurements; appendix fig. A). 
The slope of the salinity-alkalinity relation (7.7 meq. g~*) is much higher 
than that typical for the North Bay estuary (about 0.035 meq. g~-^). This 
indicates that salinity and alkalinity variations at Rio Vista during 1980 
generally cannot be attributed to mixing with brackish water from the estuary.

Many factors must be considered in identifying the processes and events 
that cause the variations in compositions at Rio Vista during spring through 
fall. The effects of the various sources of water and dissolved salts in the 
Sacramento River system were identified in a pollution survey and a mathemat 
ical salinity model (California Department of Water Resources 1962, 1971). 
Relevant information from these and other reports is briefly summarized here 
in order to show the most-probable causes for the major variations in compo 
sition observed at Rio Vista during 1980.

Sacramento River flow to the Delta is primarily the sum of the flows 
from the three major tributaries of the system; The Sacramento River tributary, 
the Feather River, and the American River (fig. 6). Summer flows are regu 
lated primarily by releases of water from the major reservoirs (Shasta, 
Oroville, and Folsom). The amount of water released from each reservoir is 
determined by downstream needs and available storage. The compositions of 
the waters from the three tributaries are different because of natural factors 
associated with the types and locations of the watersheds, ground water 
inflows, and waste water inflows from municipal, industrial and agricultural 
sources. The Sacramento River has typically the highest concentrations 
of dissolved salts, whereas the American River has the lowest concentrations. 
In general, the composition of water released from a major reservoir does not 
vary appreciably relative to the effects of salt accretions that occur as the 
river flows through the Sacramento Valley (California Department of Water

15
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Resources 1971). The largest salt concentration increases in the Sacramento 
River water result from the inflow of agriculture-related waste waters; this 
increase is particularly large during late summer due to the highest inflow 
rates (California Regional Water Quality Control Board 1979; California 
Department of Water Resources 1962). Salinity and alkalinity measurements on 
the tributaries are too few in number to adequately document the seasonal 
variations during 1980. The effects of varying the proportions of the tribu 
tary inflows during 1980 are estimated here by using daily flow data and 
annual averages (not flow weighted) of the available specific conductance 
(SC) and alkalinity (ALK) measurements (U.S. Geological Survey 1981) as given 
be 1 ow .

Shasta Reservoir outflow ALK and SC values averaged 47 mg L (as '
and 111 unhos cm"-"- , respectively, during 1980. Salt accretions increased the 
average concentrations to 72 mg L~l and 203 jumhos cm~^ at a location just 
upstream of the confluence with the Feather River, representing concentration 
increases of about 50 and 83 percent for ALK and SC, respectively. ALK and SC 
averaged 33 mg L~-^ and 83 jumhos cm~^ , respectively, in the Feather River at a 
location just upstream of the confluence; both concentrations are less than 
50 percent of the Sacramento River values. The American River joins the 
Sacramento River at the city of Sacramento. Because of its very low ALK (22 
mg L~l) and SC (53 jumhos cm~l ) concentrations, the American River inflow 
decreases the ALK and SC concentrations appreciably in the Sacramento-Feather 
river mixture before it reaches the Delta. The spring-summer 1980 variations 
in the proportions of the tributary inflows result in the predicted variations 
of SC and ALK in the mixture shown in figure 7.

The calculated variations in Sacramento River composition do not include 
the effects of seasonal variations in tributary composition. Agriculture- 
related waste water is the largest source of salinity, alkalinity and other 
substances to the Sacramento River during summer (California Department of 
Water Resources 1962). The rate of inflow and the effect on river composition 
varies with time and location. Baseline studies were conducted in the Sacra- 
Valley during 1976-1977 (California Regional Water Quality Control Board 
1979), years of drought in California when river flows were lower than they 
were during 1980. Chemical analyses of monitored waste waters are made only 
when "indicator" concentrations exceed those during the baseline study; 
therefore few measurements are available for 1980. The estimates made here 
for 1980 are based on data from 1975 (Tanji 1981), 1976-1977 (California 
Regional Water Quality Control Board 1979; Merrill and others 1979), and 1980 
flow data from the Glenn-Colusa irrigation district (Colusa drain).

-i/U.S. Geological Survey (1981a) units are retained in order to differentiate 
between sources of data in this report.
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During the 1976-1977 irrigation seasons (April through September), agri 
culture-related waste inflows accounted for about one-tenth of the river flow, 
but contributed about one-third of the salt. Flow to the Sacramento River 
from the Colusa drain was about one-fourth of the total waste inflow. Host 
of the Colusa drain flow is irrigation return-flow water; about one-third of 
the water volume that is originally diverted from the Sacramento River is 
later returned with about twice the salt concentration. Data from 1976 
indicate that the average salt concentration increase for waste waters in the 
Sacramento Valley is on the order of a factor of 4 (Merrill and others 1979). 
It appears that wastewater flow rates were higher during 1980 than those 
during the baseline study. Higher flows might be expected because some water 
conservation and water re-use measures that were practiced during the drought

o  » 1
were not necessary during 1980. The Colusa drain avpraged about 10 mjs 
during the baseline study, but averaged about 23 m^s during the 1980 
irrigation season (fig. 8); however, flows during spring 1980 nay include 
storm runoff. If other sources were proportionately higber in flow during 
1980, the total inflow rate could have averaged 100 m-^s during the irri 
gation season. Monthly average flow rates probably exceeded 100 m^s~ 
during August and September, when the larger drains have the highest flows. 
Because the average Sacramento River^flow to the Delta during August and 
September of I960 was about 420 ir^s , it appears that agriculture-related 
waste water could have accounted for one-fourth of the flow.

Salinity and alkalinity concentration variations

The following paragraphs discuss the spring through fall salinity and 
alkalinity variations at Rio Vista. My approach is first to describe the 
salinity and alkalinity variations as they relate to variations in river flow 
(fig. 5) then to compare observed concentration variations to those predicted 
as a result of mixing waters from the three tributaries (mixing model; fig. 7).

River flow decreased to below 1000 m^s during early Apr.il. Decreas 
ing flow rate to less than 400 m^s during April coincided with decreases 
in salinity and alkalinity. After a minimum flow was reached during early 
May, salinity and alkalinity increased with increasing flow until shortly 
after a flow maximum during mid-May. The mixing model shows salinity and 
alkalinity minima during early May. Therefore, it appears that increasing flow 
rate from the American River (exceeding those from the other tributaries 
during late April) was directly responsible for the lower concentrations. High 
flow from the American River during spring can be the result of snow melting 
at high elevations. Relative decreases in alkalinity and salinity are approxi 
mately 20 percent (April to May), which are about the same as the mixing 
model variations.

The relation of salinity and alkalinity to river flow rate reversed 
shortly after the flow maximum during mid-May. Salinity and alkalinity 
increased with decreasing flow to concentration maxima during early June,
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coinciding with a minimum in flow. This inverse co-variation with flow rate 
continued until late August. The salinity and alkalinity maxima observed 
during early June are also predicted by the mixing model; nearly half of the 
total river flow came from the Sacramento tributary. An increasing fraction 
and increasing flow rate from the Feather River coincided with predicted 
decreases in alkalinity and specific conductance during late June. Salinity 
and alkalinity concentration minima at Rio Vista were observed during late 
June. In contrast to the early May minima, the late June minima coincide 
with a maximum in river flow rate that is largely attributable to increased 
flow from the Feather River.

Low average concentrations during July appear to be related to the large 
fractions from the American and Feather Rivers. Concentrations increased 
with decreasing river flow until late-August. Increasing concentrations 
appear to have resulted from low American River flows and decreasing Feather 
River fraction. The mixing model predicts increases in specific conductance 
and alkalinity, but the relative variations observed at Rio Vista are about 
twice as large as the relative variations predicted by the mixing model. The 
relation of salinity and alkalinity concentration variations to river flow 
again reversed during late August; increasing river flow generally resulted 
in higher concentrations until early October, when the relation becomes 
unclear. The highest concentrations were observed during the period just 
after the positive co-variation with flow began. The mixing model does not 
show any of the large increases in concentrations that occurred during early 
September. Inflow of concentrated waste water, which increased river concen 
trations above the average values used in the mixing model, is indicated 
during August and September because the mixing model does not adequately 
account for the observed concentration increases. The largest increase 
(early August to September) coincides with the period of the highest flows 
from the Colusa Drain (fig. 8).

Large alkalinity and salinity concentration decreases occurred at Rio 
Vista from late-September into early October, generally coinciding with 
decreasing river flow rate. The timing of the rapid decrease coincides with 
the rapid decrease in flow from the Colusa drain, indicating that the reduced 
inflow of waste water is a major factor. However, the mixing model also 
predicts short-term decreases in concentrations as a result of a pulse of 
water from the American River.

The early December storm event increased flow and decreased alkalinity 
concentrations. Salinity and alkalinity concentrations increased to maxima 
after the maximum flow. This is possibly related to a first wash-out of 
salts from the watersheds since the last significant rains during spring.

Dissolved organic carbon concentration variations

Precipitation is the most important factor governing the transport of 
DOC from watersheds to rivers. Riverine fluxes of DOC are typically high

22



during periods of precipitation because of both higher DOC concentrations and 
higher river flows (Wetzel and Otsuki 1974; Lewis and Grant 1979; Moeller and 
others 1979). Higher DOC concentrations are generally attributed to the 
mobilization of recently decomposed or leached vegetable matter. For example, 
DOC concentrations in some streams increase with the first autumn rains 
because DOC is rapidly leached from the recently-deposited leaf litter (Lock 
and Hynes 1976) then carried from the watershed to the stream by the storm 
runoff (Hobble and Likens 1973).

The DOC data from Rio Vista show a seasonal pattern as well as a pattern 
related to precipitation, although the precipitation-related pattern is not 
as well defined as those from simple watersheds (fig. 9). The large DOC 
flux during winter is the result of higher concentrations and higher flow 
rates; concentrations were generally lower during summer and early fall than 
at other times of the year. The high DOC concentrations following the late- 
November and December storms can be attributed to the mobilization of DOC 
accumulated in the soils since the last significant rainfalls of spring and 
the products of recently-deposited material. DOC concentrations generally 
increased after a storm event during winter and spring, but this was not 
observed in all cases. DOC concentrations during and following the major 
mid-February flood event were generally lower than those following the 
smaller and less-frequent spring storms. This could be an effect of dilution 
during periods of extremely high runoff or indicate that most of the DOC 
was washed from the watersheds during earlier storms. Lower temperature 
during winter could also inhibit the biotic production and deconposition of 
DOC.

In-stream processing of DOC (biotic and abiotic processes that consume 
or change the composition of the DOC) is undoubtedly a factor contributing 
the lower DOC concentrations during summer and early fall. Higher temper 
atures and longer residence times in the river increase the extent of in- 
stream processing, removing most of the low molecular weight DOC and decreas 
ing concentrations downsteam of the watesheds. The remaining DOC can be 
mostly refractory material, a less useful energy source for organisms, when 
optimum in-stream processing conditions prevail (Kaplan and other 1980). 
It appears that DOC constitutes the largest fraction of the riverine organic 
carbon flux to the Bay and that most is transported during winter when DOC 
processing is presumably at its lowest. Therefore, the winter DOC flux may 
constitute a large and important energy source for Bay-dwelling organisms. 
A fraction of the DOC can form particles or adsorb onto particles (Sholkovitz 
1976), thus being deposited in the estuary. Preliminary estimates indicate 
that the annual DOC flux to the Bay is about the same order of magnitude as 
the annual phytoplankton production in the Bay (B. E. Cole, U.S. Geological 
Survey, oral communication 19S2).

Particulate organic carbon concentration variations

Precipitation and runoff transport POC from the watershed (Hobbie and 
Likens 1973) and higher winter river flow rates more-efficiently suspend
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POC and transport it to the estuary. Suspended particulate matter (SPM) 
concentrations are highest in the Sacramento River during winter flood 
events (U.S. Geological Survey 1981a). Therefore, the SPM and POC fluxes 
are probably highest during winter due to both higher river flow rates and 
higher concentrations. Our POC flux estimates for spring through fall are 
probably lower than estimates of the actual fluxes because they were not 
calculated from depth-integrated concentrations (Nordin and Meade 1981). 
The POC:DOC average concentration ratio is roughly 1:10. POC concentra 
tions probably increase relative to DOC concentrations with depth and, 
therefore, POC transport probably constitutes a larger fraction of the total 
organic carbon transport than appears to be the case from my data, partic 
ularly during winter. Thus, the 1:10 concentration ratio represents a lower 
limit.

Earlier data (Schemel and Dedini 1979) do not adequately show the 
seasonality of POC concentration in the Delta outflow because they are 
limited to measurements of the near-surface waters and very few samples 
were taken during major flood events. Winter through spring (1971-1977) 
POC concentrations at near-zero salinity in northern San Francisco Bay 
showed a median value of about 1.2 mg L~l and a larger fraction of the 
samples exceeded 3 mg L~l (the limit of the analytical range) than during 
summer-fall when the median value was about 1.0 mg L~l. Results from 1980 
(fig. 10) compare with the earlier data in that they show generally higher 
average concentrations during spring than during summer and fall. The high 
value during December followed a storm that had also increased the river 
flow rate. This and results from March indicate that the higher concentra 
tions are related to storm events. The spring 1980 median value (about 0.6 
mg L~"l) is lower than that shown by the earlier data. Similarly, the 1980 
summer-fall median value is lower at about 0.3 mg L~l. The lower values 
could indicate that POC concentrations at Rio Vista are lower than those of 
the Delta outflow. Higher POC concentrations in the eastern reach of the 
estuary can be the result of processes that resuspend particles and increase 
phytoplankton growth. Wind-driven resuspension might be less at Rio Vista 
because of the shorter fetch (the wind direction is normally perpendicular 
to the axis of the river at Rio Vista, but it is parallel to the axis of the 
upper reaches of the estuary).

Summer Distributions of Solutes in the Delta

Delta waters vary in composition as a result of variations in the river 
compositions and flows and the geographic location of each river inflow. 
Water exportation demands during summer cause a large net flow of Sacramento 
River water across the Delta to the Old and Middle River tributaries of the 
San Joaquin River then to the export pumps. Water entering the Delta via 
the San Joaquin River from the south-east is drawn westward through cross 
channels to the export pumps, reducing flow in the main San Joaquin River 
channel to the north. Conditions that have been attributed to the circula 
tion pattern resulting from export pumping include a salinity increase
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landward to the main channel of the San Joaquin River between the reach where 
Sacramento River water crosses the Delta and the city of Stockton (California 
Department of Water Resources 1981a). Flows from the San Joaquin River to 
the Delta are much less than those of the Sacramento River (appendix table A). 
In general, dissolved salt concentrations in the Sacramento River do not 
exceed levels that limit the usefulness of the water. Lower flow rates and 
larger inflows of highly concentrated waste waters (Merrill and others 1979; 
Tanji 1981) contribute to higher dissolved salt concentrations in the San 
Joaquin River flow that can limit the usefulness of the water during periods 
of low flow.

The bridge-sample results from June and July (appendix table D) show 
that waters in the eastern Delta were higher in salinity and alkalinity than 
Vestern Delta waters, which were largely Sacramento River water. The small- 
boat sampling of the San Joaquin River during July also showed that Sacra 
mento River water dominated the western Delta and that salinity and alkalinity 
rapidly increased east of the Old River and Middle River channels (fig. 11; 
appendix table E).

Bridge samples from September showed large changes in San Joaquin River 
inflow composition and a change in the distribution of salinity and alkalinity 
in the Delta. Salinity and alkalinity concentrations were higher in the 
western Delta than were previously observed; San Joaquin River alkalinity was 
actually less than that in the water from the Sacramento River. This change 
from the typical summer pattern can be attributed to greater-than-normal inflow 
from the San Joaquin River (fig. 12), primarily from the Tuolumne River 
tributary (U.S. Geological Survey 1981b). San Joaquin River flow to the 
Delta doubled between early- and mid-September, decreased in late September, 
then again increased in early October. Specific conductance in the San 
Joaquin River during mid-September was half the value at the beginning of the 
month (U.S. Geological Survey 1981b). The alkalinity distribution in the Delta 
was further influenced by the large late-summer increase in Sacramento River 
alkalinity. Delta outflow to the Bay increased during September due to the 
San Joaquin River flow increase and a decrease in the export pumping, includ 
ing a temporary shut-down of the California Department of Water Resources 
pumps.

The above factors contributed to changes in the circulation patterns in 
the Delta as well as the spatial water composition patterns in the Delta. 
California Department of Water Resources reported the occurrence of a phyto- 
plankton bloom in the western Delta during September and suggested that the 
most probable cause of this bloom was the change in the Delta circulation 
pattern (California Department of Water Resources 1981a). Although this is 
certainly a credible hypothesis, the large spatial and temporal changes in 
composition indicate that perhaps the timing and extent of the bloom are 
also related to chemical factors.
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SUMMARY AND CONCLUSIONS

Seasonal and spatial variations in the composition of Delta fresh waters 
can be large and complex, particularly during periods of low Delta outflow, 
when export pumping from the Delta is more than half of the Delta i'nflow and 
reservoir releases constitute most of the flow. Winter variations in salinity 
and alkalinity appear to be most related to natural processes similar to those 
that operate in unregulated rivers, whereas spring through fall variations 
can be attributed to reservoir management and the inflow of waste waters. 
Because large variations in the concentrations of major constituents are 
observed in the Sacramento River, which is the major source of fresh water to 
San Francisco Bay, studies of the distributions of dissolved constituents in 
Bay waters cannot assume constant fresh water composition. For example, 
large variations during spring and summer occurred over periods that were 
much shorter than the residence time of fresh water in the estuary and, as a 
result, distributions of major and minor constituents in the estuary could 
erroneously indicate (estuarine) sources or sinks (Liss 1976; Loder and 
Reichard 1981).

Annual fluxes of riverine substances to the Bay are more related to the 
volume of Delta outflow than to large changes in composition, although the 
two factors can be related (as for POC and DOC). Reservoir storage and the 
diversion of fresh water from the Bay have increased in recent years (Cali 
fornia Department of Water Resources 1978) and probably will continue to 
increase in the future, thus reducing the flow of water and fluxes of sub 
stances to the Bay. When winter flood events are reduced in magnitude, 
potentially important fluxes of POC and DOC to the Bay are also reduced. 
This is particularly important because winter DOC is probably enriched in 
energy-efficient compounds. The importance of the riverine organic flux as 
a source of food for Bay-dwelling organisms is unknown.

Higher riverine waste-derived-solute concentrations during summer indicate 
an increasing transport of waste-derived substances to the Bay and Delta. 
The effects of waste-derived substances on the Bay could be greatest during 
summer because substances remain longer in the estuary than they would during 
periods of higher Delta outflow. Future planning for waste-water management 
may benefit from consideration of transport and dilution processes in the Bay 
and the Delta. For example, waste water could be stored and then released 
during high flow periods.
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Table A. Bridge sample locations.

Bridge sample locations

Old River (San Joaquin)

Middle River (San Joaquin)

San Joaquin River at Stockton

Mokelumne River at Terminous 
(Potatoe Slough).

Hokeluinne River at Perrys Hbr.

Sacramento River at Rio Vista

Sacramento River at Isleton

Sacramento River at Walnut 
Grove.

Georgiana Slough at Walnut 
Grove.

Sacramento River at 
Paintersville

Sacramento River at

Lat (N.)

37°53. 5 f

37°53.5 f

37°55.7'

38°06.9'

38°07.5'

38°09.5 f

38°10.3 f

38°14.5 f

38°14.3 f

38°19.1'

38°27.3 f

Long (W).

121°34.2 f

121°29.3 f

121°19.6 f

121°29.8 f

121°34.7 f

121°41.0 f

121°35.6 f

121°30.8'

121031.0- .

121°35.0 f

121°30.0 f

State highway

4

4

4

12

12

12

160

160

-

160

160
Freeport
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Table C. Salinity, specific conductance, alkalinity, and dissolved and 
participate organic carbon in Sacramento River water at Rio Vista, 1980.

Date

09

21

26

31

02

04 

06

09

13

16

19

21

25

28

01

03 

05

07

10

13

17

19

22

25

29

JAN+

JAN

JAN

JAN

FEE

FEE 
FEB+

FEE

FEE

FEE

FEE

FEE

FEE

FEE

MAR

MAR 
MAR+

MAR

MAR

MAR

MAR

MAR

MAR

MAR

MAR

Salinity Specific 

Conductance 

( /oo) (umhos cm )

0

0

0

0

0

0

0
-0

-0

-0

-0

0

0

0

0

0

0

0

0

0

.029
  

  

.147

.022

.015

.021

.002

.022

.038

.028

.019

.010

.006
___

.006

.018

.049

.011

.031

.121

.009

.034

208
  

  

441

209

196

229

201

244

138

162

144

163

196
___

181

203

260

188

227

393

185

231

Alkalinity 

(meq L )

1

1

1

1

1

1 

1

1

1

1

0

1

1

1

1

1 

1

1

1

1

1

1

1

1

1

.401

.111

.285

.302

.359

.464 

.339

.436

.311

.481

.846

.165

.113

.225

.391

.348 

.100

.137

.417

.616

.309

.546

.610

.283

.515

DOC 

(mg L )

4

5

6

18

19

4 

2

4

5

3

4

5

3

2

3

3 

3

2

3

3

9

3

4

3

3

.4

.0

.4

.4 

.8

.7

.1

.7

.6

.2

.6

.9

.0

.0 

.1

.8

.0

.2

.5

.7

.2

.3

.8

POC 

(mg L )

  

  

  

  

  

     

  

  

  

  

  

  

  

___

  

  

  

  

1.2

0.6

0.4

+ denotes sample taken from R/V Polaris.
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Table C. Continued

DATE

01

04

07

09

11

15

19

21

23

28

01

03

05

08

12

15

17

19

22

27

30

02

05

09

11

13

16

18

20

APR

APR

APR
APR+

APR

APR

APR

APR
APR+

APR

MAY

MAY

MAY
MAY+

MAY

MAY

MAY

MAY
MAY+

MAY

MAY

JUN

JUN

JUN

JUN

JUN

JUN

JUN

JUN

Salinity Specific 

Conductance 

(°/oo) (umhos cm )

0

0

0

0

0

0

0

0

0

0

0
-0

0
-0

0

0

0

0

0

0

0

0

0

0

0

0

0
-0

0

.090

.021

.018

.012

.031

.019

.010

.007

.000

.002

.001

.001

.001

.012

.005

.012

.014

.014

.012

.D24

.032

.030

.033

.039

.034

.023

.000

.002

.006

334

207

200

199

219

197

179

177

162

164

160

154

159

153

181

193

197

197

193

212

227

224

231

221

213

193

161

156

180

Alkalinity 

i (meq L )

1

1

1

1

1

1

1

1

1

1

0

0

0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

.315

.334

.307

.269

.355

.277

.167

.145
  

.048

.023

.991

.999

.992

.104

.202

.228

.215

.199

.319

.433

.324

.420

.366

.333

.284

.062

.029

.032

DOC 

(mg L" )

2

2

2

2

2

2

2

2

2

7

15

14

2

2

7

6

9

2

3

5

5

2

3

10
-

9

2
-

2

.5

.6

.3

.6

.8

.3

.5

.1

.3

.8

.0

.2

.3

.8

.5

.8

.3

.9

.8

.9

.5

 

.8

.4
 

.0

POC 

(mg L )

0

0

0
-

0

0

0

0

0

0

0

0

0

1
0

0

0

0
-

0

0

0

0

0
-

0

0
-

0

.5

.4

.3
 

.5

.7

.4

.5

.7

.3

.5

.6

.5

.1

.6

.7

.6

.5
 

.6

.5

.4

.7

.6
 

.6

.6

.3

+ denotes sample taken from R/V Polaris.
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Table C.

Date

23

26

30

02

05

07

09

11

14

17

21

25

28

01

05

07

12

15

19

22

26

29

04

05

09

12

17

19

JUN

JUN

JUN
JUL+

JUL

JUL

JUL

JUL

JUL
JUL+

JUL

JUL

JUL

AUG
AUG+

AUG

AUG

AUG

AUG

AUG

AUG

AUG
SEP+

SEP

SEP

SEP
i

SEP

SEP

Continued

Salinity Specific 

Conductance 

(°/oo) (iimhos cm )

-0.

-0.

-0.

0.

0.

0.
-0.

0.
-0.

0.
-0.

-0.

0.
-0.

-0.

-0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

010

016

Oil

003

003

007

002

019

006

001

002

005

009

003

002

003

002

007

013

013

014

069

065

057

025

026

025

026

146

135

145

176

176

156

206

156

163

155

151

181

154

156

161

175

181

192

194

196

297

292

276

215

219

223

221

Alkalinity 

(meq L )

1

0

0

0

0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

.000

.923

.932

.941

.923

.013

.035

.063

.033

.060

.033

.016

.012

.038

.085

.140

.221

.253

.379

.407

.445

.401

.511

.535

.588

.618

.632

.628

DOC 

(mg L~ )

2.
 

2.

2.
 

 

7.

2.

6.

3.

2.

3.

2.

2.

3.

2.

2.

2.

2.

2.

2.

5.

6.

2.

2.

2.

2.

3.

0
-

0

8
-

-

4

9

1

5

2

1

2

2

0

1

4

0

5

8

2

0

4

4

4

4

9

1

POC 

(mg L" 1 ;

0

0

0

0

0
-

0

0

0

0

0

0

0

0
-

0

0

0

0

0

0

0
-

0

0

0

0

0

.4

.4

.3

.4

.3
__

.4

.3

.4

.7

.4

.4

.3

.4
--

.3

.4

.3

.4

.3

.4

.4
--

.5

.4

.4

.2

.3

+ denotes sample taken from R/V Polaris
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Table C. Continued

Date

23

27

30

06

09

11

14

16

20

23

25

27

29

03

06

08

10

13

17

20

22

24

28

01

04

06

08

12

17

26

29

SEP

SEP

SEP

OCT

OCT

OCT

OCT
OCT+

OCT

OCT

OCT

OCT
OCT+

NOV

NOV

NOV

NOV
NOV+

NOV

NOV

NOV

NOV

NOV

DEC

DEC

DEC

DEC

DEC
DEC+

DEC

DEC

Salinity Specific 

Conductance 

( /oo) (umhos cm )

0

0

0
-0

-0

-0

-0

-0

-0

0
-0

0

0

0

0

0

0

0

0

0

0

0

0

0
-0

0

0

0

0

.025

.013

.008

.005

.006

.008

.010

.005

.004

.000

.002

.035

.001

.021

.017

.021

.014

.012

.000

.000

.000

.022

.000

.000

.001

.000

.000

.021

.008

  

220

196

188

162

159

155

153

158

164

175

169

203

172

175

167

173

196

164

168

168

168

212

170

168

167

167

167

210

183
  

Alkalinity 

(meq iT 1 )

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

.581

.377

.306

.126

.104

.074

.086

.130

.149

.154

.160

.181

.207

.171

.153

.177

.173

.133

.139

.131

.125

.160

.126

.150

.138

.114

.066

.113

.288

.141

.142

DOC 

(mg L" )

3.

4.

1.

2.

1.
 

2.

3.

2.

2.

2.

2.

2.

2.

2.

2.

8.

2.

7.

4.

11

9.

7.

14

9.

9.

3.

3.

2.

17

19

1

9

9

3

8
-

2

1

2

6

6

3

1

1

2

2

6

6

9

8

.7

0

7

6

1

4

6

6

POC 

(mg iT 1 )

0

0

0

0

0

0

0
-

0

0

0

0
-

0

0

0

0
-

0

0

0

0

0

0

0

0

1
0

0
-

-

.3

.3

.3

.3

.4

.3

.2
 

.2

.4

.4

.5
 

.3

.2

.3

.2
--

.2

.3

.3

.3

.3

.3

.2

.3

.0

.4

.3
__

 

+ denotes sample taken from R/V Polaris
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